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[57] ABSTRACT

For synchronization signals of zeroth and first series, a
synchronization signal processing system comprises
synchronization trunk device of the zeroth and the first
series (77(0), 77(1)) for producing particular signals of
the zeroth and the first series, respectively, and being
exclusively operable in master and slave states. When
used 1n a switching center of a low hierarchy, each
trunk device of a local series, which is one of the zeroth

and the first series, is supplied as three input signals with
the synchronization signals of the local series and a
different series with highest (1) and middle (2) degrees
of priority and the particular signal of the different
series with a lowest (3) degree of priority, selects as a
normal signal according to the degrees one of the syn-
chronization signals in the master state and one of the
three input signals in the slave state that are normal, and
generates as the particular signal of the local series a
regenerated synchronization signal with its phase ad-
justed to the normal signal. A relay trunk device of the

local series (95(0), 95(1)) is supplied with the particular

signals of the local and the different series with higher

(1) and lower (2) degrees of priority and selects as a
phase synchronized synchronization signal of the local
series according to the higher and the lower degrees
one of the particular signals that is normal.

9 Claims, 17 Drawing Sheets
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SYSTEM FOR PROCESSING
SYNCHRONIZATION SIGNALS WITH PHASE
SYNCHRONIZATION IN A MOBILE
COMMUNICATION NETWORK

BACKGROUND OF THE INVENTION

This mvention relates to a synchronization signal
processing system for use in a mobile communication
network which comprises a plurality of mobile service
switching centers and a plurality of base transceiver
stations and is operable in a time division fashion.

The mobile communication network has an overall
service area which is divided into cells or radio zones
assigned with the base transceiver stations, respectively,
and in which a plurality of mobile stations are present,
namely, either moving or staying standstill, at a time.
Each mobile station may be either a portable telephone
device carried by a user or a subscriber’s terminal in-
stalled in an automobile or in a like mobile vehicle and
1s movable from a first zone of the cells to a second zone
of the cells.

It 1s possible to understand that each mobile service
switching center is connected to a plurality of fixed
subscriber substations either directly or through at least
one exchange office. Some of the mobile service switch-
ing centers are connected to the base transceiver sta-
tions. More particularly, each of such mobile service
switching centers is connected to a certain number of
base transceiver stations.

The mobile service switching centers are connected
to one another by wired communication lines. The
mobile service switching centers and the base trans-
celver stations may be connected through wired com-
munication lines. Among the overall service area, some
of the cells are often referred to collectively as a radio
communication area when assigned to the base trans-
celver stations which are served by one of the mobile
service switching centers.

Each base transceiver station is for transmitting and
recelving radio message signals to and from at least one
of the mobile stations that is currently present in the cell
assigned with the base transceiver station under consid-
eration. For use in time division multiple access
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(TDMA), the radio message signals are carried by a 45

radio carrier signal of a radio frequency in a plurality of
time slots. A predetermined number of such time slots
are successively arranged in a frame in the manner
known in the art.

When a particular station of the mobile stations
moves between the first and the second zones assigned
with first and second stations of the base transceiver
stations, the first and the second stations use different
radio frequencies and different time slots in transmitting
and receiving the radio message signals to and from the
particular station. The first and the second stations may
be connected either to one or to two of the base trans-
cerver stations. In either event, the particular station is
Inevitably subjected to a handover processing between
the first and the second stations. It is therefore desirable
to preliminarily synchronize the frames and the time
slots in the base transceiver stations in order to reduce a
time necessary for such a handover processing as a
handover processing time.

In the manner which will later be described, a con-
ventional synchronization signal processing system
comprises an individual synchronization signal generat-
ing circuit in each mobile service switching center.
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When connected to sauch a mobile service switching
center, the base transceiver station can generate syn-
chronized frames and synchronized time slots for the
10bile stations which are currently present in the radio
communication area served by the base transceiver
station under consideration.

A little more in detail, the synchronization signal
generating circuit comprises first and second time divi-
sion switches, each comprising controllable connection
paths and producing a switch trouble signal when a
trouble occurs therein. A controller device is cross
connected to the first and the second time division
switches and is supplied with the switch trouble signal
to control the connection paths of one of the first and
the second time division switches that is not producing
the switch trouble signal and serves as an active switch
with the other of the first and the second time division
switches used as a standby switch. A synchronization
signal generator is connected to the active switch to
supply a synchronization signal to the connection paths
of the active switch. Output trunk circuits are con-
nected to the connection paths of the first and the sec-
ond time division switches to supply the synchroniza-
tion signal to at least one of the output trunk circuit
from the connection paths controlled by the controller
device to the base transceiver stations served by mobile
service switching center in question.

It 1s liable that the synchronization signal generator is
involved into a trouble. First and second synchroniza-
tion signal generators are therefore cross connected to
the first and the second time division switches. Alterna-
tively, 1t is possible to understand that the first and the
second synchronization signal generators are connected
to the active switch. In either event, each synchroniza-
tion signal generator produces a generator trouble sig-
nal when a trouble occurs therein. Supplied with the
generator trouble signal, the controller device controls
the connection paths of the active switch to supply the
output trunk circuits with the synchronization signal
generated by one of the first and the second synchroni-
zation signal generators that is not producing the gener-
ator trouble signal.

As a consequence, the conventional synchronization
signal processing system can deal with troubles that
may occur in the time division switches and/or in the
synchronization signal generators. It is, however, im-
possible to keep the phase of the synchronization signal
when the first and the second synchronization signal
generators are switched from one to the other.

SUMMARY OF THE INVENTION

It 1s consequently a principal object of the present
invention to provide a synchronization signal process-
ing system for use in a mobile communication network
comprising a plurality of mobile service switching cen-
ters and a plurality of base transceiver station, which
system 1s used in common to the mobile service switch-
ing centers in making the base transceiver stations of the
network produce radio message signals with frames and
time slots synchronized.

It 1s a subordinate object of this invention to provide
a synchronization signal processing system which is of
the type described to comprises a plurality of time divi-
sion switches and a plurality of synchronization signal
generators and which can make the base transceiver
stations substantially continuously produce the radio
message signals even when a trouble occurs in at least
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one of the time division switches or in at least one of the
synchronization signal generators.

Other objects of this invention will become clear as
the description proceeds. |

According to an aspect of this invention, there is
provided a synchronization signal processing system
comprising: (A) a time division switch comprising con-
trollable connection paths; (B) a plurality of synchroni-
zation signal generators for generating phase synchroni-
zation signals to the connection paths, each of the syn-
chronization signal generators producing a generator
trouble signal when a trouble occurs therein; (C) a plu-
rality of synchronization signal selectors for selecting a
selected synchronization signal from the phase synchro-
nized synchronization signals supplied through the con-
nection paths to supply the selected synchronization
signal to the connection paths, each of the synchroniza-
tion signal selectors producing a selector trouble signal
when a trouble occurs therein; and (D) a controller
device for controlling the connection paths to make the
connection paths receive in response to the generator
trouble signal the phase synchronization signal gener-
‘ated by one of the synchronization signal generators
and receive in response to the selector trouble signal the
selected synchronization signal selected by one of the
synchronization signal selectors, the above-mentioned
ones of the synchronization signal generators and selec-
tors being different from the synchronization signal
generators and selectors by which the generator and the
selector trouble signals are produced.

According to a different aspect of this invention,
there is provided a synchronization signal processing
system which is for use in a local switching center com-
prising a time division switch for receiving a received
synchronization signal from a higher hierarchy switch-
ing center and for producing clock pulses and which
comprises: (A) an address counter initialized by the
recetved synchronization signal to count the clock
pulses and to produce an address signal; (B) a nonvola-
tile memory for memorizing a memorized synchroniza-
tion signal; and (C) reading means for reading the mem-
orized synchronization signal by the address signal as a
regenerated synchronization signal with the regener-
ated synchronization signal given a phase determined
by initialization of the address counter.

According to a further different aspect of this inven-
tion, there is provided a synchronization signal process-
ing system which processes a plurality of received syn-
chronization signals having their periods and different
degrees of priority to generate a regenerated synchroni-
zation signal 1n response to clock pulses and which
comprises: (A) selecting means for selecting, from at
least one of the received synchronization signals that
has its period correctly, a selected synchronization sig-
nal 1n consideration of the different degrees of priority;
(B) a nonvolatile memory for memorizing a memorized
synchronization signal and an allowable phase range;
(C) an address counter responsive to the clock pulses
for accessing the nonvolatile memory with a controlla-
ble timing to make the nonvolatile memory produce the
memorized synchronization signal as the regenerated
synchronization signal and the allowable phase range as
a read-out phase range; and (D) timing control means
supplied with the selected synchronization signal and
the read-out phase range for controlling the controlla-
ble timing to phase synchronize the regenerated syn-
chronization signal with the selected synchronization
signal within the allowable phase range.
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According to a still further different aspect of this
invention, there is provided a synchronization signal
processing system which is for use in a local switching
center of a local hierarchy in processing synchroniza-
tion signals of zeroth and first series and which com-
prises trunk devices of the zeroth and the first series,
wherein each of the trunk devices is of one of the zeroth
and the first series and comprises: (A) a synchronization
signal regenerate and relay circuit supplied with the
synchronization signals and a selected synchronization
signal of the other of the zeroth and the first series as
three input signals, giving different degrees of priority
to the three input signals, monitoring whether the three
input signals are normal or abnormal, selecting as a
normal signal in accordance with the different degrees
of priority one of the synchronization signals 1n a first
one of a plurality of controllable states and one of the
three input signals in a second one of the controllable
states that are normal, and generating as a particular
signal of the above-mentioned one of the zeroth and the
first series a regenerated synchronization signal with its
phase adjusted to the normal signal, wherein the se-
lected synchronization signal is the regenerated syn-
chronization signal generated as a particular signal of
the other of the zeroth and the first series by the syn-
chronization signal regenerated and relay circuit of one
of the trunk devices that is of the other of the zeroth and
the first series; (B) a hierarchy indicator for producing a
hierarchy indication signal indicative of whether or not
the local hierarchy 1s a highest hierarchy, a master/-
slave indicator for producing a local master/slave indi-
cation signal exclusively indicative of master and slave
states; (C) an output switch for producing the particular
signal of the above-mentioned one of the zeroth and the
first series as an output synchronization signal unless the
hierarchy indication signal indicates that the local hier-
archy 1s the highest hierarchy; (D) hierarchy control
means for controlling the controllable states mto first
and second states when the hierarchy indication signal
is and i1s not indicative of the highest hierarchy; (E)
master/slave control means for controlling the first
state into primary and secondary states and the second
state into the first and the second ones of the controlla-
ble states when the master/slave indication signal indi-
cates the master and the slave states; and (F) a monitor
circuit for monitoring whether the particular signal of
the above-mentioned one of the zeroth and the first
series is normal or abnormal, the monitoring circuit
producing an alarm signal and making the master/slave
indication signal always indicate the slave state when
the particular signal of the above-mentioned one of the
zeroth and the first series is abnormal; (A”") the synchro-
nization signal regenerate and relay circuit of the afore-
mentioned each of the trunk devices selecting the nor-
mal signal from none of the three input signals in the
primary state, from only the selected synchronization
signal in the secondary state, from only the synchroni-
zation signals in the first one of the controllable state,
and from all of the three input signals 1in the second one
of the controllable states.

According to a yet further different aspect of this
invention, there is provided a synchronization signal
processing system for use in a local switching center of
a local hierarchy in processing received synchroniza-
tion signals of zeroth and first series with the received
synchronization signals received from a higher hierar-
chy switching center as zeroth and first received syn-
chronization signals and which comprises: (A) a syn-
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chronization frunk device of the zeroth series as a
zeroth synchronization trunk device; and (B) a synchro-
nization trunk device of the first series as a first synchro-
nization trunk device; (AB) the zeroth and the first
synchronization trunk devices producing a particular
signal of the zeroth series as a zeroth particular signal
and a particular signal of the first series as a first particu-
lar signal, respectively; (A") the zeroth synchronization
trunk device being supplied with the zeroth and the first
recelved synchronization signals and the first particular
signal as three primary input signals, giving primary
degrees of priority to the primary input signals with the
zeroth received synchronization signal and the first

particular signal given highest and lowest degrees of

priority, monitoring whether the pnmary input signals
are normal or abnormal, selecting a primary normal
signal in accordance with the primary degrees of prior-
ity one of the zeroth and the first received synchroniza-
tion signal in the master state and one ,of the primary
input signals in the slave state that are normal, and
generating as the zeroth particular signal a primary
regenerated synchronization signal with its phase ad-
justed to the primary normal signal; (B') the first syn-
chronization trunk device being supplied with the
zeroth and the first received synchronization signals
and the zeroth particular signal as three secondary input
signals, giving secondary degrees of priority to the
secondary input signals with the first received synchro-
nization signal and the zeroth particular signal given
highest and lowest degrees of priority, monitoring
whether the secondary input signals are normal or ab-
normal, selecting a secondary normal signal in accor-
dance with the secondary degrees of priority one of the
zeroth and the first received synchronization signals in
the master state and one of the secondary input signals
in the slave state that are normal, and generating as the
first particular signal a secondary regenerated synchro-
nization signal with its phase adjusted to the secondary
normal signal.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a general block diagram of a synchroniza-
tion signal processing system according to the instant
invention:

FIG. 2 is a block diagram of a conventional signal
processing system;

F1G. 3 is a block diagram of another conventional
signal processing system:;

FIG. 4 schematically shows a format of a frame syn-
chronization signal for use in describing the synchroni-
zation signal processing system depicted in FIG. 1;

F1G. S 1s a block diagram of a synchronization signal
processing system according to a first embodiment of
this invention;

FIG. 6 is a block diagram of a synchronization signal
processing system according to a second embodiment of
this invention;

FIG. 7 is a partial block diagram of a mobile commu-
nmication network which comprises a synchronization
signal processing system according to a third embodi-
ment of this invention;

F1G. 8 is a block diagram of a delay adjust trunk
device which is used in the synchronization signal pro-
cessing system mentioned in connection with FIG. 7;

FI1G. 9 1s a time chart for use in describing operation
of the delay adjust trunk device illustrated in FIG. 8;
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FIG. 10 is another time chart for use in describing
operation of the delay adjust trunk device depicted in
FIG. §;

FIG. 11 13 a partial block diagram of a mobile com-
munication network which comprises a synchronization
signal processing system according to a fourth embodi-
ment of this invention;

FIG. 12 is a block diagram of a synchronization sig-
nal processing system mentioned in conjunction with
FIG. 11;

F1G. 13 1s a partial block diagram of a synchroniza-
tion signal processing system according to a fifth em-
bodiment of this invention:

FIG. 14 15 a block diagram of the synchronization
signal processing system mentioned in connection with
FiG. 13;

FIG. 15 i1s a block diagram of a modification of the

synchronization signal processing system illustrated in
FIG. 14;

FIG. 16 1s a block diagram of another modification of
the synchronization signal processing system depicted
in FIG. 14; and

FI1G. 17 1s a block diagram of an output switch for use

in the synchronization signal processing system illus-
trated in FIG. 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Retferring to FIG. 1, a synchronization signal pro-
cessing system of the present invention is for use in a
mobile communication network of the type described
heretobefore. Only a part of the mobile communication
network i1s illustrated.

The mobile communication network comprises a
plurality of mobile service switching centers which are
connected to one another through wired communica-
tion lines in a hierarchical manner. More particularly,
the mobile service switching centers include a single
central master (CM) mobile service switching center
(MSC), a plurality of local master (LM) mobile service
switching centers, and a great number of terminal (TM)
mobile service switching centers. The local master mo-
bile service switching central centers are lower hierar-
chy centers and connected to the master center mobile
service switching center which serves as a highest hier-
archy center. A plurality of the terminal mobile service
centers are connected as Jower hierarchy centers to
each local master mobile service switching centers
which serves as a higher hierarchy center relative to the
terminal mobile service switching centers. A plurality
of base tramsceiver stations (BTS) are connected
through wired communication lines to each terminal
mobile service switching centers in the manner known
in the art. It is possible to use a radio communication
Iine or channel as a certain one of the wired communi-
cation lines particularly between one terminal mobile
service switching center and a certain one of the base
transcetver station.

It 1s known in the art in the manner described herein-
above that the mobile communication network has an
overall service area which is divided into cells or radio
zones assigned with the base transceiver stations, re-
spectively. In the overall service area, a plurality of
mobile stations are present, namely, either moving or
staying standstill, at a time.

Each base transceiver station is for transmitting and
receiving radio message signals to and from at least one
of the mobile stations that is currently present in the call
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assigned with the transceiver station under consider-
ation. When attention 1s directed to such a base trans-
ceiver station, the message signals are carried by a radio
carrier signal of a radio frequency in a plurality of time
slots. A predetermined number of such time slots are
consecutively arranged in a frame.

When a particular unit of the mobile stations moves
between first and second zones of the cells assigned
with first and second stations of the base transceiver
stations, the first and the second stations ordinarily use
different radio frequencies and generally use different
time slots in transmitting and receiving the radio mes-
sage signals to and from the particular station. The
synchronization signal processing system is for syn-
chronizing the frames and the time slots used by the
base transceiver stations of the mobile communication
network.

In FIG. 1, the radio communication network com-
prises higher and lower hierarchy switching (SW) cen-
ters 25(1) and 25(2) connected by a wired connection
line 27. The synchronization signal processing system
comprises first and second time division switches
(TDNW) 29(1) and 29(2) in the higher and the lower
~ hierarchy switching centers 25 (suffixes omitted). The
first and the second time division switches 29 (suffixes
omitted) are primarily for exchanging or switching
wired message signals between the switching centers 25
for transmission and reception of the radio message
signals t0 and from mobile stations (not shown) at the
base transcelver stations (not shown) connected to the
lower hierarchy switching center 25(2) either directly
or through at least one further lower hierarchy switch-
ing center (not shown).

In the higher hierarchy switching center 25(1), a loop
back device 31 and a first digital trunk circuit 33(1) are
connected to the first time division switch 29(1). In the
lower hierarchy switching center 25(2), a second digital
trunk circuit 33(2) and a synchronization (SYNC) trunk
circuit 35 are connected to the second time division
switch 29(2).

Turning to FIGS. 2 and 3, conventional signal pro-
cessing systems will now be described in order to facili-
tate an understanding of this invention. Similar parts are
designated by like reference numerals.

In FIG. 2, the signal processing system is a tone signal
distributing circuit used in each of the mobile service
switching centers 25. First and second time division
switches 29(1) and 29(2) are used 1n the mobile service
switching center. Each of the time division switches 29
(suffixes omitted as before) comprises controllable con-
nection paths, only two of which are exemplified.

First and second the generators 35(1) and 35(2) are
for generating first and second tone signals and cross
connected to the time division switches 29 to supply the
first and the second tone signals to the connection paths
of the switches 29. First and second output trunk cir-
cuits 33(1) and 33(2) are connected to the connection
paths of the switches 29.

Each of the switches 29 produces a switch trouble
signal when a trouble occurs therein. Each of the tone
generators 35 (suffixes omitted) produces a generator
trouble signal when a trouble occurs therein.

Cross connected to the switches 29 and supplied with
the switch trouble signal, first and second controllers
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ducing the switch trouble signal to serve as a standby
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switch. If one of the controllers 37 (suffixes omitted) is
involved 1n a trouble, the other of the controllers 37 is
used.

Supplied with the generator trouble signal, the con-
trollers 37 control the connection paths of the active
switch to make the connection paths of the active
switch supply the output trunk circuits 33 (the suffixes
omitted as before) with the tone signal generated by one
of the tone generators 35 that is different from the other
tone generator by which the generator trouble signal is
produced.

In FIG. 3, the signal processing system is an an-
nouncement signal distributing circuit used in each of
the mobile service centers 25. First and second an-
nouncement trunks 35(1) and 35(2) are connected to the
connection paths of the first and the second time divi-
sion switches 29.

The first and the second announcement trunk 35
(suffixes omitted) are for generating a common an-
nouncement signal to serve as announcement signal
generators. Each of the announcement trunks 35 pro-
duces a generator trouble signal when a trouble occurs
therein. In other respects, the announcement signal
distributing circuit is similar to the tone signal distribut-
ing circuit illustrated with reference to FIG. 2.

One of the announcement trunks 35 is therefore used
as an active trunk that is different from the other an-
nouncement trunk producing the generator trouble
signal as a standby trunk. In the active switch, the con-
nection paths are depicted by solid lines when the con-
nection paths are connected to the active trunk. The
connection paths are shown by dashed lines when con-
nected to the standby trunk. .

In the conventional signal processing systems, the
tone generators in FIG. 2 are duplicated equipments for
switches, and the announcement trunks in FIG. 3 are
signal equipment for switches. Ordinarily, the signals
produced by the tone generators and announcement
trunks are asynchronous. Therefore, the signal phase
supplied to output trunk jumps before and after trouble
occurrence. It 1s necessary to avoid such a signal phase
jump in order to establish a synchronization signal pro-
cessing system. -

Referring to F1G: 4, a synchronization signal consists
of first through eighth bits B1 to B8. More in general,
such synchronization signals are transmitted among the
central master, the local master, and the terminal mobiie
service switching centers.

Referring particularly to FIG. 4, it 1s preferred that
the synchronization signal consists of a zeroth and a first
channel. The eighth bit B8 indicates the zeroth and the
first channels by binary zero and one. The seventh bit
B7 1s used as a multiframe synchronization signal indica-
tive of multiframes and is given a binary one value once
in each duration of T X (IN+ 1) second, where T repre-
sents a duration of one frame period, N representing a
predetermined integer. The sixth bit B6 is used as a loop
back signal. The fifth through the first bit BS to B1 have
no concern with the following description.

Referring back to FIG. 1, the synchronization signal
is transmitted between the higher and the lower hierar-
chy switching centers 25 through the wired connection
line 27. Supplied with the loop back signal from the
lower hierarchy switching center 25(2) through the first
digital trunk circuit 33(1) and the first time division
switch 29(1), the loop back device 31 loops back or
returns back the loop back signal towards the lower
hierarchy switching center 25(2).
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By so using the loop back signal, the lower hierarchy
switching center 25(2) can know a propagation delay
time (a phase difference) which is necessary to send the
loop back signal towards the higher hierarchy switch-
ing center 25(1) and to receiver the loop back signal
trom the higher hierarchy switching center 25(1). On
making the output trunk circuit 33 send wired commu-
nication signals from the second time division switch
29(2) either to still lower hierarchy switching centers or
to the base transceiver stations served by the lower
hierarchy switching center 25(2), the multiframe syn-
chronization signal is given a lead of a half of the propa-
gation delay time.

Reterring now to FIG. 5, the description will pro-
ceed to a synchronization signal processing system ac-
cording to a first embodiment of this invention. Similar
parts are designated by like reference numerals and are
stmilarly operable with likewise named signals.

In FIG. §, the synchronization signal processing sys-
tem 1s shown in one of the local master and the terminal
mobile service switching centers that corresponds in
FI1G. 1 to the lower hierarchy switching center 25(2).
The first and the second time division switches 29 are
cross connected to first and second loop back devices

31(1) and 31(2) and to the first and the second control-
lers 37. Producing a loop back device trouble signal,

one of the loop back devices 31 (suffixes omitted) serves
as a standby loop device when a trouble occurs therein.
The other of the loop back devices 31 serves as an ac-
tive loop device.

A single input/output (1/0) trunk circuit 33(0) corre-
sponds to the second digital trunk circuit 33(2) de-
scribed in conjunction with FIG. 1 and serves as an
input trunk circuit. First through third input/output
trunk circuits 33(1)a, 33(2)b, and 33(1)c collectively
correspond to the first digital trunk circuit 33(1) of FIG.
1 and 1ndividually serve as output trunk circuits.

A higher connection line 27(0) connects the single
input/output trunk circuit 33(0) to one of input/output
trunk circuits which a higher hierarchy switching cen-
ter, such as 25(1) of FIG. 1, comprises in correspon-
dence to the first through the third input/output trunk
circuits 33 (suffixes omitted). A first lower connection
line 27(1) connects the first input/output trunk circuit
33(1)a to a single input/output trunk circuit corre-
sponding to the single input/output trunk circuit 33(0)
in one of still lower hierarchy switching center and the
base transceiver stations which are served by the
switching center being illustrated. Second and third
lower connection lines 27(2) and 27(3) are similarly
used. it should be noted that the single input/output
trunk circuit 33(0) is depicted as an input trunk circuit.
The first through the third input/output trunk circuits
33 are illustrated as output trunk circuits.

First and second synchronization signal (SYNC) gen-
erators 35(1) and 35(2) collectively correspond to the
synchronization trunk circuit 35 described in connec-
tion with FIG. 1 and are connected to the active switch
of the first and the second time division switches 29.
First and second synchronization signal (SYNC) selec-
tors 39(1) and 39(2) are connected to the active switch.

It produced by the first and the second synchroniza-
tion signal generators 35, the generator trouble signals
are supplied to a trunk control circuit 41. Each of the
synchronization signal selectors 39 (suffixes omitted)
produces a selector trouble signal when a trouble oc-
curs therein. Such selector trouble signals are supplied
to the trunk control circuit 41. Responsive to the gener-

5,426,633

3

10

15

20

25

30

35

45

20

35

65

10

ator and/or the selector trouble signal, the trunk con-
trol circuit 41 keeps one of the synchronization signal
generators 35 and selectors 39 as an active generator or

selector that is different from the synchronization signal
generator 35 and selector 39 producing the generator
and the selector trouble signals as standby generator
and selectors.

A maintenance terminal 43 is connected to the con-
trollers 37. The first and the second synchronization
signal generators 35 comprise first and second phase
adjusters (¢) 45(1) and 45(2). In the manner which will
presently become clear, a combination of the control-
lers 37 and the trunk control circuit 41 serves as a con-
troller device.

In operation, the synchronization signal is delivered
irom the higher hierarchy switching center through the
single input/output trunk circuit 33(0) to the active
switch of the first and the second time division switches
29. Through the connection paths indicated by solid
lines with arrowheads, the synchronization signal of the
higher hierarchy switching center is supplied to the
active generator of the first and the second synchroniza-
tion signal generator 35 as a generator input signal.
Supplied with the generator input signal, the first and

the second synchronization signal generators 35 gener-
ate, 1f both are active generators, phase synchronized

synchronization signals which are phase synchronized
with the generator input signal. The synchronization
signal generators 35 supply the phase synchronized
synchronization signals to the active switch. In this
event, the synchronization signal generator 35 deliver
the phase synchronized synchronization signals to the
active switch with the phase adjusters 45 (suffixes omit-
ted) put out of operation.

Through the connection paths of the active switch,
the phase synchronized synchronization signals are
supplied to the synchromnization signal selectors 39.
Each synchronization signal selector 39 checks normal-
ity of the synchronization signals received from syn-
chronization signal generators 35 and autonomously
selects a selected synchronization signal from the phase
synchronized synchronization signal to supply the se-
lected synchronization signal to the active switch. Se-
lection of the selected synchronization signal will later
become clear. Incidentally, the connection paths be-
tween the loop back device 31 and the synchronization
signal selectors 39 of the time division switches 29 are
switched on the basis of information collected by the
trunk control circuit 41 from the synchronization signal
selectors 39.

‘Through the connection path indicated by a solid line
with an arrowhead, the active switch supplies the se-
lected synchronization signal to the first and the second
loop back devices 31. In the example being illustrated,
the active loop device merely folds back the selected
synchronization signal towards the first through the
third input/output trunk circuits 33 with a common
phase through connection paths of the active switch.

Use of the loop back devices 31 makes it additionally
possible to change the connection paths of the active
switch only between the synchronization signal selec-
tors 39 and the loop back devices 31 rather than be-
tween the synchronization signal selectors 39 and the
first through the third input/output trunk circuits 33 on
putting one and the other of the synchronization signal
selectors 39 into the active and the standby selectors.
This enables high-speed operation of switch between
the active and the standby selectors.
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The high-speed operation is enabled for the following
reasons. It will be assumed at a time that the first syn-
chronization signal selector 39(1) is the active selector
and the second synchronization signal selector 39(2) is
the standby selector. If the loop back devices 31 were
not used, the first synchronization signal selector 39(1)
must be switched to the standby selector by dealing
with three paths leading therefrom to three input-out-
put trunk circuits 33(1)a to 33(1)c. The second synchro-
nization signal selector 39(2) must be switched to the
active selector by similarly dealing with three other
paths. Use of the loop back devices 31 enables switching
of their path only between the first and the second
synchronization signal selectors 39.

When one of the synchronization signal generators 35
and one of the synchronization signal selectors 39 are
put mto the standby generator and selector, the trunk
control circuit 41 informs this change to the mainte-
nance terminal 43. When one of the time division
switches 29, one of the loop back devices 31, and one of
the controllers 37 are put into the standby switch, loop
device, and controller, the active controller executes
this change and informs the maintenance terminal 43 of
this result.

Referring to FIG. 6, the description will proceed to a
synchronization signal processing system according to a
second embodiment of this invention. Similar parts are
designated by like reference numerals and are similarly
operable with likewise named signals.

In FIG. 6, the synchronization signal processing sys-
tem is depicted in the central master mobile service
switching center CM MSC which may be the higher
hierarchy switch 25(1) described in conjunction with
FIG. 1. The synchronization signal processing system
does not comprise the single input/output trunk circuit
33(0) described in connection with FIG. 5.

It will be assumed that the first synchronization signal
generator 35(1) serves as the active generator and the
second synchronization signal generator 35(2), as the
standby generator. Under the circumstances, the first
synchronization signal generator 35(1) generates an
original synchronization signal without use of the first
phase adjuster 45(1) to supply the original synchroniza-
tion signal to the first and the second synchronization
signal selectors 39 and additionally to the second syn-
chronization signal generator 35(2). Responsive to the
original synchronization signal, the second synchroni-
zation signal generator 35(2) generates a subordinate
synchronization signal with the second phase adjuster
45(2) put into operation of phase adjusting the subordi-
nate synchronization signal to the original synchroniza-
tion signal.

When the first and the second synchronization signal
generators 35 are the standby and the active generators,
the original synchronmization signal i1s generated by the
second synchronization signal generator 35(2) and is
supplied to the first synchronization signal generator
35(1) through a connection path indicated in the active
switch by a dashed line. In this manner, the active and
the standby generators are switched between the first
and the second synchronization signal generators 35
with no phase shift introduced into the phase synchro-
nized synchronization signals in the mobile service
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Referring now to FIG. 7, a part of the mobile com-
munication network is depicted from a different view-
point and comprises a synchronization signal processing
system according to a third embodiment of this inven-
tion. Similar parts are designated by like reference nu-
merals with modifications in some respects.

A local mobile service switching center 25(0) has a
certain degree of hierarchy and comprises a time divi-
sion switch 29 which is connected to a higher hierarchy
switching center 25(H) by a higher connection line
27(H) and to a lower hierarchy switching center 25(1.)
by a lower connection line 27(L.).

A delay adjust (DL) trunk device 47 1s connected to
the time division switch 29 by an up-down highway 49.
Merely for convenience of illustration, each of the
higher and the lower connection line 27 (suffixes omit-
ted) and of the up-down highway 49 is shown as a line
of a wide diameter. |

Signals are transmitted through the higher connec-
tion line 27(H) as a higher transmission signal, through
the lower connection line 27(L) as a lower transmission
signal, and through the up-down highway 49 as up and
down highway signals. Each of the higher and the
lower transmission signals and the up and the down
highway signals is transmitted in frames and comprises
the synchronization signal of the format illustrated with
reference to FIG. 4.

The synchronization signal comprises the multiframe
synchronization signal as an original synchronization
signal in the higher transmission signal. The original
synchronization signal i1s transmitted from the higher
hierarchy switching center 25(H) through the higher
connection line 27(H) in the manner indicated by a
dash-dot line. Receiving the original synchronization
signal through the time division switch 29 and the up-
down highway 49 as a received synchronization signal,
the delay adjust trunk device 47 produces a regenerated
synchronization signal as a delay adjusted synchroniza-
tion signal in the manner which will become clear in the
following. The adjusted synchronization signal is deliv-
ered to the lower hierarchy switching center 25(L) as a
multiframe synchronization signal in the lower trans-
mission signal through the lower connection line 27(L)
as indicated by another dash-dot line. The loop back
signal 1s transmitted from the trunk device 47 through
the up-down highway 49, the time division switch 29,
and the higher connection line 27(H) to the higher hier-
archy switching center 25(H) in the manner indicated
by a dashed line, looped back at the higher hierarchy
switching center 25(H) for return to the trunk device 47
as indicated by another dashed line.

Referring to FIGS. 8 and 9, the delay adjust trunk
device 47 comprises input and output interfaces 51(1)
and 51(2) connected to the time division switch 29
through a down highway 49D and through an up high-
way 49U. Through the down highway 49D, the time
division switch 29 sends the higher transmission signal
as a highway down signal HWD depicted in FIG. 9
along a top or first row labelled HWD. In the manner
described before in conjunction with FIG. 4, the multi-
frame synchronization signal is given the binary one
value once in each time duration of T X (N4 1) seconds,
where T represents a frame period, N representing a
predetermined integer. The highway down signal i1s
therefore divisible repeatedly into time slots TS(0),
TS(1), TS(2), . . ., and TS(J), where J represents a
predetermined natural number. One frame consists of
(J+1) time slots TS(0) through TS(J).
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The mput interface 51(1) produces a frame pulse
signal FM illustrated along a second row labelled FM.
The imnput interface 51(1) furthermore produces a re-
ceived synchronization signal SYNCREC which is
given a binary one value, as depicted along a third row
labelled SYNCREC, between the time slot TS(2) of a
frame and the time slot TS(1) of a next frame, both
inclusive. The received synchronization signal is alter-
natively called a receive loop back signal LBREC and
is produced 1in response to the loop back signal looped
back from the higher hierarchy Switching center 25(H).

Turning to FIG. 10 during a short while, the received
synchronization signal is depicted along a top or first
row labelled SYNCREC. Frame periods are illustrated
by dashed vertical lines and the multiframe periods, by
solid vertical lines. The frame pulse signal is depicted
along a second row labelled FM.

Turning back to FIG. 8 with FIG. 10 continuously
referred to, an address counter 53 is reset to an initial
value by the received synchronization signal SYN-
CREC and counts the frame pulses FM to produce an
address signal ADD. Consequently, the address signal
represents address counts, X, X+1, X+2, ..., and
X+N in each multiframe period in the manner illus-
trated in FIG. 10 along a third row labelled ADD,

where X represents the initial value as an initial address
value.

A first read-only memory (ROM) 55(1) is a nonvola-
tile pattern memory which has pattern addresses ac-
cessed by the address signal and preliminarily loaded
with various signal patterns at the respective pattern
addresses. By way of example, hexadecimal-zero pat-
terns are stored 1n the pattern address accessed by the
address counts X through X+N-—1. A hexadecimal-
four-zero patterns are stored in the address accessed by
the address count X+ N. In this manner, the pattern
memory 31(1) memorizes the signal patterns collec-
tively as a memorized synchronization signal.

A second read-only memory 55(2) is a nonvolatile
timing memory which has timing addresses accessed by
the address signal and preliminarily loaded with various
timing patterns at the respective timing addresses. For
example, hexadecimal-two-zero pattern is stored in the
timing address accessed by the address count X, and
hexadecimal-one pattern is stored at the address X+ 2.
The hexadecimal-zero patterns are stored in other tim-
ing addresses.

A pattern switch circuit 57(1) specifies a predeter-
mined signal pattern to give the initial address value X
to the first read-only memory 55(1). It is possible to
store the predetermined signal pattern in the pattern
memory 55(1) at a time instant when the address count
specifies a particular pattern address. In this case, the
hexadecimal-four-zero pattern is stored at the address
X-+N. The pattern memory 55(1) therefore produces a
pattern signal which represents the hexadecimal-four-
zero pattern every time when the address signal indi-
cates the address count X+ N. The pattern signal is
illustrated in FIG. 10 along a fourth row labelled PAT.
The pattern signal is delivered to the output interface
51(2) for transmission as the delay adjusted synchroni-
zation signal.

A tmming switch circuit 57(2) specifies a predeter-
mined timing pattern to give the initial address value X
to the second read-only memory 55(2). It is possible to
store the predetermined timing pattern in the timing
memory 33(2) at a titme instant when the address signal
specifies each of particular timing addresses. In this
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case, the hexadecimal-two-zero pattern is stored at the
address X, and the hexadecimal-two pattern, at the
address X+2. In each multiframe period, the timing
memory 33(2) produces first and second timing signals
TIM(1) and TIM(2). The first timing signal TIM(1)
indicates that the timing memory 55(2) produces the
hexadecimal-one pattern. The second timing signal
TIM(2) indicates that the timing memory 55(2) pro-
duces the hexadecimal-two pattern. The first timing
signal TIM(1) is delivered to the output interface 51(2)
and used to specify the sixth bit B6 of the time slot TS(1)
in 2 highway up signal which is transmitted through the
up highway 49(U) to the switching center 25(H) via the
switch 29 and the higher connection line 27(H).

The second timing signal TIM(2) is delivered to a
comparator 39, which is supplied from the input inter-
tace S1(1) with the frame pulse signal and the loop back
receive signal extracted from the sixth bit B6 of the time
slot TS(2). Timed by the frame pulse signal, the com-
parator 39 compares phases of the second timing signal
and the received loop back signal. A comparison result
signal represents a phase difference between the receive
loop back signal and the second timing signal and is
displayed on a display device.

It this phase difference is equal to zero, it is under-
stood that the timing switch circuit 57(2) specifies the
predetermined time pattern in a correct time relation-
ship relative to the propagation delay time mentioned
above by referring back to FIG. 1. By adjusting the
particular timing addresses used in the timing switch
circuit 57(2), it is possible to measure a roundtrip delay
time. It 1s usual to use in the pattern switch circuit 57(1)
the particular pattern address which is equal to a half of
the roundtrip delay time on the propagation delay time.

Referring again to FIG. 9 in addition to FIGS. 8 and
10, 1t will be presumed that the propagation delay time
1s equal to one frame period. In this event, the pattern
and the timing switch circuits 57 (suffixes omitted) are
used in the manner exemplified above. The first timing
signal is illustrated in FIG. 10 along a fifth row labelled
TIM(1) and the second timing signal, along a sixth or
bottom row labelled TIM(2). The highway up signal is
depicted in FIG. 9 along a fourth or bottom row la-
belled HWU. The pattern signal is transmitted through
the lower connection line 27(1) as the regenerated syn-
chronization signal.

Reviewing FIGS. 7 through 10, it is possible to use a
single nonvolatile memory for use as the pattern and the
timing memories 55 (suffixes omitted) and a single
switch circuit for use as the pattern and the timing
switch circuits 57. It is furthermore possible to use a
microcomputer (not shown) in automatically control-
ling either the single switch circuit or the pattern and
the timing switch circuits 57 in response to the compari-
son result signal. The delay adjust trunk device 47
makes it readily possible to cope with the propagation
delay time which may be different depending on a geo-
graphic distance between each pair of the center master,
the local master, and the terminal mobile service
switching centers.

A combination of the pattern switch circuit 57(1) and
the output interface 51(2) serves as a signal pattern
reading arrangement. Another combination of the tim-
ing switch circuit 57(2) and the output interface 51(2)
serves as a timing pattern reading arrangement.

Referring now to FIG. 11, a mobile communication
network comprises similar parts designated by like ref-
erence numerals and comprises a synchronization signal
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processing system according to a fourth embodiment of
this invention. It should be noted that similar synchroni-
zation signals are used in the synchronization signal
processing system being illustrated.

It will be surmised that the synchronization signal is
merely duplicated into zeroth and first series. The local
switching center 25(0) therefore receives zeroth and
first synchronization signals p0 and p1 from the higher
hierarchy switching center 25(H) in a higher reception
signal and transmits zeroth and first synchronization
signals q0 and gl to the lower hierarchy switching
center 25(L) in a lower transmission signal. The local
switching center 23(0) transmits zeroth and first syn-
chronization signals r0 and rl to the higher hierarchy
switching center 25(H) in a higher transmission signal
and receives zeroth and first synchronization signals s0
and sl from the lower hierarchy switching center 25(L)
in a lower reception signal.

Turning to FIG. 12 with FIG. 11 continually referred
to, the time division switches 29 are included in the
local switching center 25(0) among the synchronization
signal processing system being llustrated. For example,
the input trunk circuit 33(0) of FIG. § is (M+1)-
plicated to collectively receive. zeroth through M-th
received synchronization signals p(0), p(1), . . . , and
p(M) in the higher reception signal, where M represents
a predetermined integer which 1s two or more. In the
manner described with reference to FIGS. 8 through
- 10, a sequence of clock pulses CLK is produced instead
of the frame pulses. In this case, the synchronization
signal indicates the seventh bit B7.

The zeroth through the M-th received synchroniza-
tion signals are used with predetermined priority de-
grees and have zeroth through M-th timing relation-
ships with the clock pulses. Zeroth through M-th period
monitors 61(0), 61(1), . . ., and 61(M) are for monitoring
the zeroth through the M-th periods of the zeroth
through the M-th received synchronization signals with
reference to the clock pulses. The zeroth through the
M-th period monitors 61 (suffixes omitted) thereby pro-
duce zeroth through M-th confirmation signals indica-
tive of whether the zeroth through the M-th periods are
normal or abnormal. The synchronization signals will
be called normal and abnormal synchronization signals
when their periods are normal and abnormal.

Ordinanly, some of the received synchronization
signals are the normal synchronization signals. With
reference to the priority degree, a selection controller
63 produces an input selection signal indicative of a
particular synchronization signal which has a highest
priority degree among the normal synchronization sig-
nals.

Controlled by the input selection signal, a synchroni-
zation signal selector 65 selects the particular synchro-
nization signal as a selected synchronization signal from
the zeroth through the M-th received synchronization
signals supplied thereto. The selected synchronization
signal has a particular synchromzation phase. Inciden-
tally, each of the synchronization signal selectors 39
(FIG. 5) selects the selected synchronization signal in
this manner.

If the zeroth through the M-th received synchroniza-
tion signals are all abnormal synchronization signals, the
selection controlier 63 produces an all abnormal signal.
For the purpose which will presently become clear, an
inverter 67 inverts the all abnormal signal into an in-
verted abnormal signal.
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A read-only memory (ROM) 69 is a nonvolatile pat-
tern memory having a plurality of pattern addresses
which are equal in number to the time slots in each
multiframe period described before with reference to
FIGS. 8 and 9 and in which data are preliminarily
stored to represent a correct synchronization signal as a
memorized synchronization signal. The data are addi-
tionally representative of an allowable phase range
which will shortly become clear.

Counting the clock pulses, an address counter 71
produces an address signal for use in consecutively
accessing the pattern addresses of the nonvolatile pat-
tern memory 69 repeatedly from an initial address. In
the manner which will immediately be described, an
initial value correction signal is supplied to the address
counter 71 to adjust the initial address to a proper ad-
dress.

When the data are cyclically accessed from the
proper address by the address signal, the pattern mem-
ory 69 generates a regenerated synchronization signal
with a correct regenerated phase. In addition, the pat-
tern memory 69 produces a timing signal representative
of the allowable phase range. The regenerated synchro-
nization signal is used as one of the zeroth and the first
synchronization signals q0, q1, r0, and rl in the higher
or the lower transmission signal.

Supplied with the selected synchronization signal and
the timing signal and controlled by the clock pulses, a
timing controller 73 compares the synchronization
phase with the allowable phase range. If the synchroni-
zation phase 1s out of the allowable phase range, the
timing controller 73 delivers a gate control signal to an
AND gate 75, which is supplied with the selected syn-
chronization signal and the inverted abnormal signal to
supply the 1nitial value correction signal to the address
counter 71. | |

It will be presumed merely for simplicity of the de-
scription that in the seventh bit B7 each of the zeroth
through the M-th and the regenerated synchromzation
signals has a logic one value in a particular time slot of
the multiframe period and logic zero values at other
time slots in the manner described with reference to
FIGS. 8 and 9. Under the circumnstances, the data are
stored in the nonvolatile pattern memory 69 with the
logic one value for the seventh bit B7 at a particular
address of the regenerated synchromization signal. For
the allowable phase range, at least one logic one value is
stored 1n, for example, the first bit B1 of the data at the
particular addresses.

As an initial value correction count, the timing con-
troller 73 counts the number of values which the sev-
enth bit B7 of the selected synchronization signal does
not change to logic one value while the first bit B1 of
the timing signal keeps the logic one value. When the
synchronization phase is out of the allowable phase
range in this manner and the initial value correction
count reaches a predetermined count, the gate control
signal is given the logic zero value until the logic one
value 1s indicated by the first bit B1 of the timing signal
concurrently with the logic one value of the seventh bit
B7 of the selected synchronization signal.

If at least one of the zeroth through the M-th received
signals is the normal synchronization signal, the in-
verted abnormal signal is given the logic one value. The
selected synchronization signal i1s produced. When the
gate control signal 1s given the logic one value under
the circumstances, the logic one value of the seventh bit
B7 of the selected synchronization signal passes through
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the AND gate 75 to become the initial value correction
signal.

If all of the zeroth through the M-th received syn-
chronization signals are the abnormal synchronization
signals, the inverted abnormal signal is given the logic
zero level. As a consequence, the AND gate 75 pro-
duces no initial value correction signal. The regener-
ated synchronization signal is generated with a previous
phase which has been given to the regenerated synchro-
nization signal before the received synchronization
signals become all abnormal.

In F1G. 12, a combination of the period monitors 61,
the selection controller 63, and the synchronization
signal selector 63 serves as a selecting arrangement.
Another combination of the timing controller 73 and
the AND gate 75 serves as a timing control arrange-
ment. The pattern memory 69 and the address counter
71 are equivalent to the pattern memory 55(1) and the

address counter 33 described in conjunction with FIG.
8. It should be understood in this connection that the

regenerated synchronization signal is given a correct
phase in FI1G. 12 by the timing control arrangement and
in FIG. 8 by using the receive loop back signal and the
comparator 59. It 1s possible to use both the timing
control arrangement and the comparator 59 together
with the switches 57 particularly when the zeroth and
the first recetved synchronization signals, such as p0
and pl, are used.

Referring now to FI1G. 13, a synchronization (SYNC)
trunk device 77 1s used as a part of a synchronization
signal processing system according to a fifth embodi-
ment of this invention and is alternatively called a syn-
chronization signal regenerate and relay device. It will
first be presumed that the trunk device 77 is used in a
local switching center 25(0) which is described in con-
junction with FIG. 11 and has a local hierarchy. The
trunk device 77 receives received synchronization sig-
nals of zeroth and first series from a higher hierarchy
switching center 25(H) as zeroth and first received
synchronization signals p0 and pl.

Such trunk devices are used in pair in each of the
central master, the local master, and the terminal mobile
service switching centers as synchronization trunk de-
vices of the zeroth and the first series 77(0) and 77(1),
which may be called briefly either as zeroth and first
synchronization trunk devices or zeroth and first trunk
devices. Each of the zeroth and the first trunk devices is
supplied with the zeroth and the first received synchro-
nization signals as first and second input signals S(1) and
S(2) and a selected synchronization signal as a third
input signal S(3). The selected synchronization signal
will presently become clear.

When attention is directed to the zeroth trunk device
77(0), the zeroth and the first series will be called local
and different series. As for the first trunk device 77(1),
the zeroth and the first series are called the different and
the local series. Each of the trunk devices comprises a
synchronization signal (SYNC) regenerate and relay
circuit 79 which is substantially identical with the syn-
chronization processing system illustrated with refer-
ence to FIG. 12 and is supplied with the first input
signal of the local series, the second input signal of the
different series, and the third input signal of the differ-
ent series as three input signals and with a sequence of
clock pulses CLK, a local hierarchy indication signal
H(QO), and a local master/slave indication signal MS(O).

The first through the third input signals and the clock
pulses are supplied to the selecting arrangement de-
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scribed with reference to FIG. 12. Rather than to the
three input signals, different degrees of priority are
allotted to input terminals of the selection controller 63
of the selecting arrangement in the manner indicated by
numerals 1 through 3 attached to the synchronization
signal regenerate and relay circuit 79. The numeral 1
indicates a highest degree of priority and the numeral 3,
a lowest degree of priority.

The local hierarchy and master/slave indication sig-
nals are supplied to the selection controller 63 men-
tioned above and collectively controls its operation in
four controllable states. When put into a first one of the
controliable states, the selection controller 63 selects
one of the first and the second input signals as a normal
signal, in consideration of the different degrees of prior-
ity. When put in a second one of the controllable states,
the selection controller 63 selects one of the three input
signals as the normal signal according to the different
degrees of priority.

So selecting the normal signal in each of the first and
the second ones of the controllable states, the synchro-
mization signal regenerate and relay circuit 79 generates
a regenerated synchronization signal from either the
nonvolatile pattern memory 55(1) described in conjunc-
tion with FIG. 8 or from the nonvolatile memory 69 of
FIG. 12. In the manner described with reference to
FIG. 12, the regenerated synchronization signal has a
current phase which is adjusted to the normal signal if at
least one of the three input signals 1s normal. If the three
input signals are all abnormal, it is impossible to select
the normal signal. In this event, the current phase is
kept at a previous phase which has been given to the
regenerated synchronization signal before either the
first and the second input signals or the three input
signals went all abnormal. The regenerated synchroni-
zation signal is used as an output particular signal S(r).

A hierarchy indicator 81 is for producing the local
herarchy indication signal indicative of whether or not
the local hierarchy is a highest hierarchy. The hierar-
chy indication signal therefore does not indicate the
highest hierarchy unless the trunk device 77 is included
in the central master mobile service switching center,
which may be the higher hierarchy switching device
25(1) described 1n connection with FIG. 1 or the higher
hierarchy switching center 25(H) of FIG. 7 or 11.

A master/slave (M/S) indicator 83 is supplied with a
receive master/slave indication signal MS(r) from the
trunk device of the different series 77(1) and produces
the local master/slave indication signal which indicates
one of master and slave states at a time. The master and
the slave states may alternatively be referred to merely
as first and second states.

The receive master/slave indication signal is used in
the trunk device of the different series as a local mas-
ter/slave signal. When this local master/slave indica-
tion signal indicates the master state to the trunk device
of the different series 77(1), the local master/slave indi-
cation signal of the trunk device of the local series indi-
cates the slave state to the synchronization signal regen-
erate and relay circuit 79 being illustrated. In this man-
ner, the master/slave indication signal exclusively indi-
cates the master and the slave states.

An output switch 85 is supplied with the output par-
ticular signal and controlled by the local hierarchy
indication signal and produces the output particular
signal as a switched particular signal S(s). The trunk
device of the different series 77(1) is supplied with the
switched particular signal of the trunk device of the
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local series 77(0) as the third input signal thereof. The
output switch, such as 85, will later be described.

A hierarchy indication supply point 87 of the syn-
chronization signal regenerate and relay circuit. 79 rep-
resents a hierarchy control arrangement. Supplied with
the local hierarchy indication signal, the hierarchy con-
trol arrangement (87) controls the controllable states
into first and second states when the local hierarchy
indication signal is and is not indicative of the highest
hierarchy. The first and the second states will shortly
become clear.

A master/slave indication signal supply point 89 of
the synchronization signal regenerate and relay circuit
79 indicates a master/slave control arrangement. In
response to the local master/slave indication signal, the
master/slave control arrangement (89) controls the first
state into primary and secondary states and the second
state into the first and the second ones of the controlla-
ble states when the local master/slave indication signal
indicates the master and the slave states.

The synchronization signal regenerate and relay cir-
cuit 79 1s therefore put into the primary and the second-
ary states only when included 1n the trunk device of the
zeroth or the first series of the central master mobile
service switching center. Otherwise, the synchroniza-
tion signal regenerate and relay circuit 79 is put only
into one of the first and the second ones of the controlla-
ble states at a time.

When the primary state is indicated as the controlla-
ble states, the normal signal is selected from none of the
three input signals. When the controllable states are
switched to the secondary state, the normal signal is
selected from the third mmput signal alone. When the
controllable states are given the first one thereof, the
normal signal is selected from the input signals of the
local and the different series. When the controllable
states are put into the second one thereof, the normal
signal is selected from all of the three input signals.

A monitor circuit 91 is supplied with the output par-
ticular signal and the clock pulses. Like the period mon-
itors 61 of the selecting arrangement, the monitor cir-
cuit 91 monitors whether the output particular signal is
normal or abnormal based on the clock pulses. A result
of monitoring is delivered to a synchronization state
output terminal 93 as a synchronization state signal. If
the output particular signal is abnormal, the synchroni-
zation state signal is used as an alarm signal indicative of
occurrence of a trouble in the trunk device 77(0) being
illustrated. The alarm signal is therefore used as a trunk
device trouble signal like the generator trouble signal
described in conjunction with FIG. 5.

The local master/slave indication signal is supplied to
the monitor circuit 91. As long as the output particular
signal is normal, the monitor circuit 91 delivers as a
supply master/slave indication signal MS(s) to the trunk
device of the different series based on the local master/-
slave indication signal. If the output particular signal is
abnormal, the monitor circuit 91 requires that the trunk
device of the different series should be in the master
state. The local master/slave indication signal is kept to
indicate the slave state.

It is now understood that the trunk device 77 1s oper-
able by 1ts hardware logics primarily to select one of the
three input signals and to produce the switched particu-
lar signal. As an output synchronization signal, the
switched particular signal is relayed in the manner
which will later become clear.
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Turning to FIG. 14 with FIG. 13 continuously re-
ferred to, a synchronization signal processing system is
for use in a local switching center 25(0) of a local hierar-
chy which is not a highest hierarchy. The synchroniza-
tion signal processing system is therefore supplied with
received synchronization signals of the zeroth and the
first series from a higher hierarchy switching center
25(1) or 25(H) as zeroth and first received synchroniza-
tion signals, such as p0 and pl.

The synchronization signal processing system com-
prises synchronization (SYNC) trunk devices of the
zeroth and the first series 77(0) and 77(1), which are
herein called zeroth and first synchronization trunk
devices. Each of the zeroth and the first synchroniza-
tion trunk devices 77 (suffixes omitted) has a structure
illustrated with reference to FIG. 13. In the manner
described before, the zeroth and the first series will be
called the local and the different series in connection
with the zeroth synchronization trunk device 77(0) and
the different and the local series with regard to the first
synchronization trunk device 77(1).

The zeroth synchronization trunk device 77(0) is
supplied with the supply master/slave indication signal
from the first synchronization trunk device 77(1) as the
receive master/slave indication signal. The first syn-
chronization trunk device 77(1) is similarly controiled
by the master/slave indication signal of the zeroth syn-
chronization trunk device 77(0). Such master/slave
indication signals are labelled MS. One of the zeroth
and the first synchronization trunk devices 77 is conse-
quently operable in the master state while the other of
the synchronization trunk devices 77 is put in the slave
state. '

Each of the synchronization trunk devices 77 has
three input terminals assigned with different degrees of
priority 1 through 3, which will be called primary and
secondary degrees of priority as regards the zeroth and
the first synchronization trunk devices. As before, the
degree of priority 1 and 3 1s highest and lowest degrees
of priority.

The zeroth synchronization trunk device 77(0) pro-
duces the switched particular signal of the zeroth series
as a zeroth particular signal t0. The switched particular
signal of the first series is produced by the first synchro-
nization trunk device 77(1) as a first particular signal t1.

The zeroth synchronization trunk device 77(0) is
supplied with the zeroth received synchronization sig-
nal p0 at the input terminal numbered 1, the first re-
ceived synchronization signal p1 at the input terminal 2,
and the first particular signal as the afore-mentioned
selected synchronization signal at the input terminal 3.
The first synchronization trunk device 77(1) is supplied
with the first received synchronization signal pl at the
input terminal 1, the zeroth received synchronization
signal p0 at the input terminal 2, and the zeroth particu-
lar signal at the input terminal 3. In this manner, each of
the synchronization trunk devices 77 is supplied with
the received synchronization signal of the local series
with the highest degree of priority and with the particu-
lar signal of the different series with the lowest degree
of priornity.

In FIG. 14, the synchronization signal processing
system comprises a relay trunk device of the zeroth
series as a zeroth relay trunk device 95(0) and a relay
trunk device of the first series as a first relay trunk 95(1).
Each of the relay trunk devices 95 (suffixes omitted) has
two input terminals assigned with higher and lower
degrees of priority 1 and 2.
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The particular signals of the local and the different
series are supplied to the input terminals 1 and 2 of each
relay trunk device 95 and are monitored and then se-
lected according to the degrees of priority. As a supply
synchronization signal of the zeroth series, such as g0,
the zeroth relay trunk device 95(0) produces one of the
zeroth and the first particular signals that is monitored
as normal and is selected according to the degree of
priority. As a supply synchronization signal of the first
series, such as ql, the first relay trunk device 95(1)
produces one of the zeroth and the particular signals
that is monitored as normal and is selected according to
the degrees of priority.

Each of the zeroth and the first relay trunk devices 95
has a structure which is illustrated with reference to
FI1G. 13 and is simplified as is obvious from the above.
Use of the output switch 85 is preferred.

It 18 preferred that the zeroth synchronization and
relay trunk devices 77(0) and 95(0) and the first syn-
chronization and relay trunk devices 77(1) and 95(1) are
operable by different power sources. In any event, the
illustrated synchronization signal processing system is
primarily operable in response to the received synchro-
nization signals to regenerate regenerated synchroniza-
tion signals in the manner described in conjunction with
FIG. 13 and to relay the received synchronization sig-
nals as the supply synchronization signals.

Referring afresh to FIG. 15 in addition to FIGS. 13
and 14, the description will proceed to a modification of
the synchronization signal processing system illustrated
with reference to FIG. 14. Similar parts are designated
by like reference numerals and are similarly operable
with likewise named signals unless otherwise explicitly
mentioned in the following. It should be noted that the
relay trunk devices 95 may alternatively be called re-
peat trunk devices 95 and are so labelled in FIG. 15.

The synchronization signal processing system is for
use 1n a switching center of a highest hierarchy, namely,
In the central master mobile service switching center
CM MSC described above. The highest hierarchy
switching center may be the higher hierarchy switching
center 25(1) described in conjunction with FIG. 1 or the
higher hierarchy switching center 25(H) of FIG. 7 or 11
and is connected to a lower hierarchy switching center
which may be the lower hierarchy switching center
23(2) of FIG. 1 or the local switching center 25(0) de-
scribed in connection with FIG. 7 or 11.

The synchronization signal processing system there-
fore processes received synchronization signals of the
zeroth and the first series received from the lower hier-
archy switching center as zeroth and first received
synchronization signals, such as r0 and r1 described
with reference to FIG. 11, to supply the lower hierar-
chy switching center with supply synchronization sig-
nais of the zeroth and the first series, such as p0 and pl.
Like in FIG. 14, each of the zeroth and the first syn-
chronization trunk devices 77 has a structure illustrated
with reference to FIG. 13. Each of the zeroth and the
first relay (repeat) trunk devices 95 has a structure of
the type of FIG. 13 with simplification.

Each of the synchronization trunk devices 77 is sup-
phied with the received synchronization signal of the
local series at its input terminal 1 of the highest degree
of priority and with the particular signal of the different
series at its terminal 3 of the lowest degree of priority.
Each of the relay trunk devices 95 produces the supply
synchronization signal of the local series. It should be
noted that each of the synchronization trunk devices 77
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1s supplied with the supply synchronization signal of the
different series.

It will readily be understood that each of the zeroth
and the first supply synchronization signals is the one of
the synchronization signals supplied through the lower
connection lines 27(1) to 27(3) depicted in FIG. 6.
Delay adjusting the loop back signal B6 of FIG. 4 in the
manner described with reference to FIG. 7 through 10,
the lower hierarchy switching center produces, as each
of the zeroth and the first received synchronization
signals, the phase synchronized synchronization signal
transmitted through the higher connection lines 27(0)
described in connection with FIG. 5.

In the synchronization signal processing system illus-
trated with reference to FIG. 14 or 15, a2 combination of
the zeroth synchronization and relay trunk devices
77(0) and 95(0) will be called a synchronization signal
processing device of the zeroth series. Another combi-
nation of the first synchronization and relay trunk de-
vices 77(1) and 95(1) will be called a synchronization
signal processing device of the first series.

It may be mentioned in connection with the highest
hierarchy switching center that the synchronization
signal processing devices of the zeroth and the first
series may both be involved in troubles. When the trou-
bles are removed in at least one of the synchronization
signal processing devices of both series, a phase jump
may occur before occurrence and after recovery of the
trouble 1n the zeroth or the first supply synchronization
signals generated by this one of the synchronization
signal processing devices. In the manner described in
conjunction with FIG. 14, it is preferred that the syn-
chronization signal processing devices of the zeroth and
the first series are operable by different power sources.

Turning to FIG. 16 with FIGS. 13 through 15 contin-
ually referred to, the description will proceed to an-
other modification of the synchronization signal pro-
cessing system illustrated with reference to FIGS. 14.
Similar parts are again designated by like reference
numerals and are similarly operable with likewise
named signal.

The synchronization signal processing system is for
use in the highest hierarchy switching center connected
to two or more lower hierarchy switching centers
which are the local master mobile service switching
centers described before. It will be assumed that the
synchronization signal processing system receives pri-
mary received synchronization signals of the zeroth and
the first series from a first lower hierarchy switching
center as primary zeroth and first received synchroniza-
tion signals r0 and r1 and secondary received synchro-
nization signals of the zeroth and the first series from a
second lower hierarchy switching center as secondary
zeroth and first received synchronization signals ' and
r'l.

It 1s possible to understand that either the lower hier-
archy switching center 25(2) or the local switching
center 25(0) of FIG. 7 or 11 shows the first and the
second lower hierarchy switching centers in duplicate.
It 1s alternatively possible to understand that the local
herarchy and the lower hierarchy switching center
25(L) are the highest hierarchy and the first lower hier-
archy switching center and that the switching center
25(H) 1s the second lower hierarchy switching center
although called the “higher hierarchy” switching cen-
ter therein.

Supply synchronization signals of the zeroth and the
first series are generated and sent to one of the first and
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the second lower switching centers as zeroth and first
supply synchronization signals p0 and pl. It should be
understood a similar pair of supply synchronization
signals should be supplied to the other of the first and
the second lower hierarchy switching centers. Only one
pair 1s, however, illustrated.

Like 1n FIG. 14, each of the zeroth and the first syn-
chronization trunk devices 77 is supplied with the pri-
mary received synchronization signal of the local series
at its mput terminal 1 of the highest priority and with
the particular signal of the different series at its input
terminal 3 of the lowest priority. The secondary re-
ceived synchronization signal of the different series is
supplied to the input terminal 2 of the middle priority. It
1s possible to supply the secondary received synchroni-
zation signal of the local series to the input terminal 1
and the primary received synchronization signal of the
different series to the input terminal 2.

In other respects, the circuitry is similar to that illus-
trated with reference to FIG. 14. Advantages are
achieved like those described in conjunction with FIG.
15.

Referring to FIG. 17, the output switch 85 of FIG. 13
is used in each of the zeroth and the first synchroniza-
tion trunk devices 77 and the zeroth and the first relay
trunk devices 95 described in conjunction with FIGS.
14 through 16. In the manner described with reference
to FIG. 13, the output switch 85 is supplied with the
output particular signal S(r) and controlled by the local
hierarchy indication signal H(O) and switches the
switched particular signal S(s). In the example being
illustrated, the local hierarchy indication signal is given
a high and a low level to indicate the highest hierarchy
and others, respectively. The synchronization and the
relay trunk devices 77 and 95 of each of the zeroth and
the first series may comprise the hierarchy indicator 81
of FIG. 13 in common. The local hierarchy indication
signal is received at a local input terminal 101.

In the manner described in connection with FI1G. 14,
the synchronization and the relay trunk devices 77 and
95 of each series are put in operation by a power source
of a source voltage Vs.

A power monitor 109 is for monitoring the source
voltage and produces a reset signal which has a logic
zero level when the source voltage decreases below a
predetermined voltage. The local hierarchy indication
signal 1s used as a set signal of the logic zero level when
the local hierarchy indication signal is not indicative of
the highest hierarchy. A flip-flop circuit 111 is set by
the set signal of the logic zero level and reset by the
reset signal of the logic zero level to produce a flip-flop
output signal, which is inverted by a set/reset inverter
113 into a first AND input signal given a logic one level
only while the flip-flop circuit 111 is set.

When manually closed, a control switch 115 pro-
duces a control signal. Pulled up by the source voltage,
the control signal provides a second AND input signal.
The control switch 113 is usually open to give the logic
one level to the second AND input signal.

A three-input AND gate 117 is supplied- with the
output particular signal as a third AND input signal.
Controlled by the first and the second AND input sig-
nals, the AND gate 117 produces or does not produce
the switched particular signal.

Such output switches 835 are for reliable maintenance
of the synchronization processing system of the local
hierarchy, particularly of each of the synchronization
trunk devices 77 used in the switching center of the
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highest hierarchy. When a trouble occurs in the power
source, each output switch 85 stops supply of the
switched particular signal.

Referring again to FIGS. 15 and 16 in addition to
F1G. 17, use of the output switch 85 will be described.
It 1s assumed that a new synchronization or relay trunk
device 77(n) or 95(n) must be substituted for an old
synchronization or relay trunk device 77(0) or 95(o) that
has gone into a trouble.

The description will first be directed either to the
synchronization or the relay trunk device 77 or 95 used
in a switching center of other than the highest hierar-
chy. In such an event, the control switch 115 is closed
in the new synchronization or relay trunk device before
mounting or setting in position of the new synchroniza-
tion or relay trunk device. After confirmation of the
synchronization state signal described in connection
with FIG. 13, the control switch 115 is turned open.

The description will now be directed either to the
synchronization or the relay trunk device 77 or 95 used
in the switching center of the highest hierarchy. Should
either the synchronization or the relay trunk devices 77
or 95 of the zeroth and the first series be replaced by
new trunk devices, a new trunk device is first substi-
tuted for one of the old trunk device.

Before substitution, the control switch 115 is closed
in the new trunk device. Furthermore, the hierarchy
indicator 81 of FIG. 13 is made to temporarily produce
the local hierarchy indication signal which is not indica-
tive of the highest hierarchy.

As soon as set 1nto position, the new trunk device can
select either of its input terminals 1 and 2 of the highest
and the middle degrees of priority and can not produce
the switched particular signal. After confirmation of the
synchronization state signal, the local hierarchy indica-
tion signal is made to indicate the highest hierarchy.
The new synchronization trunk device now can not
select 1ts input terminals 1 and 2. On the other hand, the
new relay trunk device can select its terminal 1 or 2.
Finally, the switch 115 is turned open.

The synchronization signal processing system can
nevertheless be operable in the master state to generate
the supply synchronization signal of a concerned one of
the zeroth and the first series with no phase jump be-
cause the received synchronization signals are supplied
from one of four lower hierarchy switching centers.

Another new synchronization trunk device is now
substituted for the other of the old synchronization
trunk devices. Before substitution, the control switch
1135 1s not turned open but is kept closed. After substitu-
tion, the synchronization state signal is confirmed. In
addition, it is ensured that the new synchronization
trunk device selects the particular signal of the different
series supplied to its input terminal 3. Furthermore, the
hierarchy indicator 81 of FIG. 13 is set temporarily to
the none-highest hierarchy state and is subsequently set
to the highest hierarchy state. This new synchroniza-
tion trunk device is rendered operable in the slave state.
Eventually, both synchronization trunk devices 77 are
operable exclusively in the master and the slave states.

If only one of the synchronization trunk devices 77 is
involved in a trouble, the other of the synchronization
trunk devices 77 1s kept in the master state. Substitution
of a new synchronization trunk device is therefore car-
ried out 1n the manner last described. If the trouble or
the troubles come from the power source or power
sources, 1t 1s possible to remove the trouble in the man-
ner described above without using new synchronization
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trunk device or devices but using the synchronization
trunk device or devices currently used.

In FIG. 17, the local input terminal 101 is used as a set
signal producing arrangement. A combination of the
flip-flop circuit 111 and the set/reset inverter 113 serves
as a thp-flop arrangement. The control switch 115 may
be called a control switch arrangement together with an
accompanying pull-up circuit. Attention may be di-
rected to only the first and the second AND input sig-
nals, which may alternatively be referred to as first and
second control signals.

While this invention has thus far been described in
conjunction with an appreciable number of preferred
embodiments thereof and several modifications, it will
now be readily possible for one skilled in the art to put
this invention into effect in various other manners. For
example, it is possible to use more than two time divi-
sion switches, such as 79, in each synchronization signal
processing system. For a more reliable operation of the
mobile communication networks and for easier mainte-
nance of the synchronization signal processing system,
it 18 possible to use synchronization signals of one or
more than one additional series, such as a second series,
in addition to the synchronization signals of the zeroth
and the first series, with the synchronization and the
relay trunk devices 77 and 95 accordingly increased in
number. It is furthermore possible to use a plurality of
pairs of the relay trunk devices for the synchronization
trunk devices of the zeroth and the first series, with
each pair composed of the relay trunk devices, such as
95(0) and 95(1), in which each relay trunk device is
supplied with the zeroth and the first particular signals.
When used in dealing with the synchronization signals
of the zeroth and the first series, each of the period
monitors 61 of FIG. 12 is used in connection with the
signal of one of the series with the selection controller
63 and the signal selector 65 preferably controlled by a
signal indicative of the zeroth and the first series.

What 1s claimed is:

1. A synchronization signal processing system for use
in a local switching center of a local hierarchy in pro-
cessing synchronization signals of zeroth and first se-
ries, said synchronization signal processing system com-
prismg trunk devices of said zeroth and said first series,
each of said trunk devices being of one of said zeroth
and said first series and comprising:

a synchronization signal regenerate and relay circuit
supplted with said synchronization signals and a
selected synchronization signal of the other of said
zeroth and said first series as three input signals,
giving different degrees of priority to said three
input signals, monitoring whether said three input
signals are normal or abnormal, selecting as a nor-
mal signal in accordance with said different de-
grees of priority one of said synchronization signals
in a first one of a plurality of controllable states and
one of said three input signals in a second one of
said controllable states that are normal, and gener-
ating as a particular signal of said one of the zeroth
and the first series a regenerated synchronization
signal with its phase adjusted to said normal signal,
said selected synchronization signal being the re-
generated synchronization signal generated as a
particular signal of said other of the zeroth and the
first series by the synchronization signal regenerate
and relay circuit of one of said trunk devices that is
of said other of the zeroth and the first series:
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a hierarchy indicator for producing a hierarchy indi-
cation signal indicative of whether or not said local
hierarchy 1s a highest hierarchy;

a master/slave mdicator for producing a local mas-
ter/slave indication signal exclusively indicative of
master and slave states:

an output switch for producing the particular signal
of said one of the zeroth and the first series as an
output synchronization signal unless said hierarchy
indication signal indicates that said local hierarchy
1s said highest hierarchy;

hierarchy control means for controlling said control-
lable states into first and second states when said
hierarchy indication signal is and is not indicative
of said highest hierarchy;

master/slave control means for controlling said first
state Into primary and secondary states and said
second state 1nto said first and said second ones of
the controllable states when said master/slave indi-
cation signal indicates said master and said slave
states; and

a monitor circuit for monitoring whether the particu-
lar signal of said one of the zeroth and the first
series 18 normal or abnormal, said monitor circuit
producing an alarm signal and making said mas-
ter/slave indication signal always indicate said
slave state when the particular signal of said one of
the zeroth and the first series is abnormal:

the synchronization signal regenerate and relay cir-
cuit of said each of the trunk devices selecting said
normal signal from none of said three input signals
in said primary state, from only said selected syn-
chronization signal in said secondary state, from
only said synchronization signals in said first one of
the controllable states, and from all of said three
input signals in said second one of the controllable
states.

2. A synchronization signal processing system for use
in a local switching center of a local hierarchy in pro-
cessing received synchronization signals of zeroth and
first series with said received synchronization signals
received from a higher hierarchy switching center as
zeroth and first received synchronization signals, said
synchronization signal processing system comprising:

a synchronization trunk device of said zeroth series as
a zeroth synchronization trunk device; and

a synchronization trunk device of said first series as a
first synchronization trunk device:

sald zeroth and said first synchronization trunk de-
vices producing a particular signal of said zeroth
series as a zeroth particular signal and a particular
signal of said first series as a first particular signal,
respectively, and being exclusively operable in a
master and a slave state:

said zeroth synchronization trunk device being sup-
plied with said zeroth and said first received syn-
chronization signals and said first particular signal
as three primary input signals, giving primary de-
grees of priority to said primary input signals with
said zeroth received synchronization signal and
said first particular signal given highest and lowest
degrees of priority, monitoring whether said pri-
mary nput signals are normal or abnormal, select-
Ing as a primary normal signal in accordance with
said primary degrees of priority one of said zeroth
and said first received synchronization signals in
saild master state and one of said primary input
signals in said slave state that are normal, and gen-
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erating as the particular signal of said zeroth series
a regenerated synchronization signal with its phase
adjusted to said primary normal signal;

said first synchronization trunk device being supplied
with said zeroth and said first received synchroni- 5 a
zation signals and said zeroth particular signal as
three secondary input signals, giving secondary
degrees of priority to said secondary input signals
with said first received synchronization signal and
said zeroth particular signal given highest and low- 10
est degrees of priority, monitoring whether said
secondary input signals are normal or abnormal,
selecting as a secondary normal signal in accor-
dance with said secondary degrees of priority one
of said zeroth and said first received synchroniza- 15

28

normal, and generating as the particular signal of
said first series a regenerated synchronization sig-
nal with its phase adjusted to said secondary nor-
mal signal; and

relay trunk device of said zeroth series supplied
with said zeroth and said first particular signals
with higher and lower primary degrees of priority
as two primary input signals for monitoring
whether said primary input signals are normal or
abnormal, selecting as a selected signal of said
zeroth series one of said primary input signals that
1s monitored to be normal and has a higher of said
primary degrees of priority, and producing the
selected signal of said zeroth series as a supply
synchronization signal of said zeroth series; and

tion signals in said master state and one of said a relay trunk device of said first series supplied with

secondary input signals in said slave state that are
normal, and generating as the particular signal of
said first series a regenerated synchronization sig-
nal with its phase adjusted to said secondary nor- 20
mal signal.
3. A synchronization signal processing system for use
1n a local switching center of a local hierarchy in pro-
cessing received synchronization signals of zeroth and
first series with said received synchronization signals 25
received from a higher hierarchy switching center as

sald zeroth and said first particular signals with
higher and lower secondary degrees of priority as
two secondary input signals for monitoring
whether said secondary input signals are normal or
abnormal, selecting as a selected signal of said first
series one of said secondary input signals that is
monitored to be normal and has a higher of said
secondary degrees of priority, and producing the
selected signal of said first series as a supply syn-
chronization signal of said first series.

zeroth and first received synchronization signals, said 4. A synchronization signal processing system for use
synchronization signal processing system comprising: in a switching center of a highest hierarchy in generat-
a synchronization trunk device of said zeroth series as ing supply synchronization signals of zeroth and first

a zeroth synchronization trunk device: 30 series as zeroth and first supply signals for supply to a

a synchronization trunk device of said first series as a lower hierarchy switching center by processing re-
first synchronization trunk device, celved synchronization signals of said zeroth and said
said zeroth and said first synchronization trunk de- first series received from said lower hierarchy switch-

vices producing a particular signal of said zeroth ing center as zeroth and first received signals, said syn-
series as a zeroth particular signal and a particular 35 chronization signal processing system comprising:
signal of said first series as a first particular signal, synchronization trunk devices of said zeroth and said

respectively;

said zeroth synchronization trunk device being sup-
plied with said zeroth and said first received syn-
chronization signals and said first particular signal 40
as three primary input signals, giving primary de-
grees of priority to said primary input signals with
saild zeroth received synchronization signal and

first series as zeroth and first trunk devices, said
zeroth and said first trunk devices producing a
particular signal of said zeroth series as a zeroth
particular signal and a particular signal of said first
series as a first particular signal, respectively, and
being exclusively operable in master and slave
states;

said first particular signal given highest and lowest sald zeroth trunk device being supplied with said

degrees of priority, monitoring whether said pri- 45
mary input signals are normal or abnormal, select-
Ing as a primary normal signal in accordance with
said primary degrees of priority one of said zeroth
and said first received synchronization signals in
sald master state and one of said primary input 50
signals in said slave state that are normal, and gen-
erating as the particular signal of said zeroth series
a regenerated synchronization signal with its phase
adjusted to said primary normal signal,

said first synchronization trunk device being supplied 55
with said zeroth and said first received synchroni-
zation signals and said zeroth particular signal as
three secondary input signals, giving secondary
degrees of priority to said secondary input signals

zeroth received, said first supply, and said first
particular signals as three primary input signals,
giving primary degrees of priority to said primary
input signals with said zeroth received and said first
particular signals given highest and lowest degrees
of priority, monitoring whether said primary input
signals are normal or abnormal, selecting as a pri-
mary normal signal in accordance with said pri-
mary degrees of priority one of said zeroth re-
ceived and said first supply signals in said master
state and one of said primary input signals in said
slave state that are normal, and generating as said
zeroth particular signal a regenerated synchroniza-
tion signal with its phase adjusted to said primary
normal signal;

with said first received synchronization signal and 60  said first trunk device being supplied with said first

said zeroth particular signal given highest and low-
est degrees of priority, monitoring whether said
secondary input signals are normal or abnormal,
selecting as a secondary normal signal in accor-
dance with said secondary degrees of priority one 65
of said zeroth and said first received synchroniza-
tion signals in said master state and one of said
secondary input signals in said slave state that are

recelved, said zeroth supply, and said zeroth partic-
ular signals as three secondary input signals, giving
secondary degrees of priority to said secondary
input signals with said first received and said zeroth
particular signals given highest and lowest degrees
of priority, monitoring whether said primary input
signals are normal or abnormal, selecting as a sec-
ondary normal signal said zeroth particular signal



5,426,633

29

in said master state and one of said first received
and said zeroth supply signals in accordance with
said secondary degrees of priority in said slave
state that is normal, and generating as said first
particular signal a regenerated synchronization
signal with its phase adjusted to said secondary
normal signal.

3. A synchronization signal processing device as
claimed in claim 4, wherein one of said zeroth and said
first trunk devices is kept in said slave state when the
other of said zeroth and said first trunk devices is put
out of operation until put in operation in said master
state.

6. A synchronization signal processing system for use
1n a switching center of a highest hierarchy in generat-
ing supply synchronization signals of zeroth and first
series as zeroth and first supply Signals for supply to a
lower hierarchy switching center by processing re-
ceived synchronization signals of said zeroth and said
first series received from said lower hierarchy switch-
ing center as zeroth and first received signals, said syn-
chronization signal processing system comprising:

synchronization trunk devices of said zeroth and said
first series as zeroth and first trunk devices,

said zeroth and said first trunk devices producing a
particular signal of said zeroth series as a zeroth
particular signal and a particular signal of said first
series as a first particular signal, respectively, and
being exclusively operable in master and slave
states,

said zeroth trunk device being supplied with said
zeroth received, said first supply, and said first
particular signals as three primary input signals,
giving primary degrees of priority to said primary
input signals with said zeroth received and said first
particular signals given highest and lowest degrees
of priority, monitoring whether said primary input
signals are normal or abnormal, selecting as a pri-
mary normal signal in accordance with said pri-
mary degrees of priority one of said zeroth re-
ceived and said first supply signals in said master
state and one of said primary input signals in said
slave state that are normal, and generating as said
zeroth particular signal a regenerated synchroniza-
tion signal with its phase adjusted to said primary
normal signal,

said first trunk device being supplied with said first
received, said zeroth supply, and said zeroth partic-
ular signals as three secondary input signals, giving
secondary degrees of priority to said secondary
mput signals with said first received and said zeroth
particular signals given highest and lowest degrees
of priority, monitoring whether said primary input
signals are normal or abnormal, selecting as a sec-
ondary normal signal said zeroth particular signal
in sald master state and one of said first received
and said zeroth supply signals in accordance with
sald secondary degrees of priority in said slave
state that is normal, and generating as said first
particular signal a regenerated synchronization
signal with its phase adjusted to said secondary
normal signal;

a relay trunk device of said zeroth series supplied
with said zeroth particular signal with a higher
primary degree of priority and said first particular
signal with a lower primary degree of priority,
monitoring whether said zeroth and said first par-
ticular signals are normal or abnormal, and select-
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ing as said zeroth supply signal according to said
higher and said lower primary degrees of priority
one of said zeroth and said first particular signals
that 1s found normal; and

a relay trunk device of said first series supplied with

said first particular signal with a higher secondary
degree of priority and said zeroth particular signal
with a lower secondary degree of priority, moni-
toring whether said zeroth and said first particular
signals are normal or abnormal, and selecting as
said first supply signal according to said higher and
said lower secondary degrees of priority one of
said zeroth and said first particular signals that is
found normal.

7. A synchronization signal processing system for use
in a switching center of a highest hierarchy in generat-
ing supply synchronization signal of zeroth and first
series as zeroth and first supply signals to each of first
and second lower hierarchy switching centers by pro-
cessing primary received synchronization signals of said
zeroth and said first series received from said first lower
hierarchy switching center as primary zeroth and first
received signals and secondary received synchroniza-
tion signals of said zeroth and said first series received
from said second lower hierarchy switching center as
secondary zeroth and first received signals, said syn-
chronization signal processing system comprising:

synchronization trunk devices of said zeroth and said

first series as zeroth and first trunk devices, said
zeroth and said first trunk devices producing a
particular signal of said zeroth series as a zeroth
particular signal and a particular signal of said first
series as a first particular signal, respectively, and
being exclusively operable in master and slave
states;

said zeroth trunk device being supplied with said

primary zeroth received, said secondary first re-
cetved, and said first particular signals as three
primary input signals, giving primary degrees of
priority to said primary input signals with said
primary zeroth received and said first particular
signals given highest and lowest degrees of prior-
1ty, monitoring whether said primary input signals
are normal or abnormal, selecting as a primary
normal signal said first particular signal in said
master state and one of said primary zeroth and
said secondary first received signals in accordance
with said primary degrees of priority in said slave
state that is normal, and generating as said zeroth
particular signal a regenerated synchronization
signal with its phase adjusted to said primary nor-
mal signal;

said first trunk device being supplied with said pri-

mary first received, said secondary zeroth re-
cewved, and said zeroth particular signals as three
secondary input signals, giving secondary degrees
of priority to said secondary input signals with said
primary first received and said zeroth particular
signals given highest and lowest degrees of prior-
ity, monitoring whether said secondary input sig-
nals are normal or abnormal, selecting as a second-
ary normal signal said zeroth particular signal in
said master state and one of said primary first and
said secondary zeroth received signals in accor-
dance with said secondary degrees of priority in
said slave state that is normal, and generating as
said first particular signal a regenerated synchroni-
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zation signal with its phase adjusted to said second-
ary normal signal.

8. A synchronization signal processing system as
claimed in claim 7, wherein one of said zeroth and said
first trunk devices is kept in said slave state when the
other of said zeroth and said first trunk devices is put
out of operation until put in operation in said master
state.

9. A synchronization signal processing system for use
in a switching center of a highest hierarchy in generat-
ing supply synchronization signal of zeroth and first
series as zeroth and first supply signals to each of first
and second lower hierarchy switching centers by pro-
cessing primary received synchronization signals of said
zeroth and said first series received from said first lower
hierarchy switching center as primary zeroth and first
received signals and secondary received synchroniza-
tion signals of said zeroth and said first series received
from said second lower hierarchy switching center as
secondary zeroth and first received signals, said syn-
chronization signal processing system comprising:

synchronization trunk devices of said zeroth and said

first sertes as zeroth and first trunk devices,

said zeroth and said first trunk devices producing a

particular signal of said zeroth series as a zeroth
particular signal and a particular signal of said first
series as a first particular signal, respectively, and
being exclusively operable in master and slave
states,

said zeroth trunk device being supplied with said

primary zeroth received, said secondary first re-
ceived, and said first particular signals as three
primary input signals, giving primary degrees of
priority to said primary input signals with said
primary zeroth received and said first particular
signals given highest and lowest degrees of prior-
ity, monitoring whether said primary input signals
are normal or abnormal, selecting as a primary
normal signal said first particular signal in said
master state and one of said primary zeroth and
saild secondary first received signals in accordance
with said primary degrees of priority in said slave
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state that 1s normal, and generating as said zeroth
particular signal a regenerated synchronization
signal with its phase adjusted to said primary nor-
mal signal,

said first trunk device being supplied with said pri-

mary first received, said secondary zeroth re-
ceived, and said zeroth particular signals as three
secondary input signals, giving secondary degrees
of priority to said secondary input signals with said
primary first received and said zeroth particular
signals given highest and lowest degrees of prior-
ity, monitoring whether said secondary input sig-
nals are normal or abnormal, selecting as a second-
ary normal signal said zeroth particular signal in
said master state and one of said primary first and
said secondary zeroth received signals in accor-
dance with said secondary degrees of priority in
said slave state that is normal, and generating as
said first particular signal a regenerated synchroni-
zation signal with its phase adjusted to said second-
ary normal signal;

a relay trunk device of said zeroth series supplied

with said zeroth particular signal with a higher
primary degree of priority and said first particular
signal with a lower primary degree of priority,
monitoring whether said zeroth and said first par-
ticular signals are normal or abnormal, and select-
ing as said zeroth supply signal according to said
higher and said lower primary degrees of priority
one of said zeroth and said first particular signals
that is found normal; and

a relay trunk device of said first series supplied with

said first particular signal with a higher secondary
degree of priority and said zeroth particular signal
with a lower secondary degree of priority,

monitoring whether said zeroth and said first particu-

lar signals are normal or abnormal, and selecting as
said first supply signal according to said higher and

-said lower degrees of priority one of said zeroth

and said first particular signals that is found nor-
mal.
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